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RISK ASSESSMENT : RISK ASSOCIATED WITH M. BOVIS IN WILD WHITE-TAILED
DEER IN MICHIGAN
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En 1994, un cerf sauvage de virginie ( Odocoileus virginianus ) tue a la chasse au ford du Michigan (U.S.A) a
et6 reconnu atteint de Mycobacterium bovis. Les troupeaux domestiques du Michigan etaient indemnes
d'infection a M. bovis depuis 1974. Les rósuftats de survie indiquent que le befall n'etait pas infecte et que
l'infection se confinait a la population de cerfs sauvages. Une appreciation de risque a AtO demandAe afin
d'estimer la vraisemblance pour les animaux domestiques de contracter l'infection a M.bovis a partir des cerfs
sauvages contaminós.
La prevalence de M. bovis chez le cerf a etó estim6e a 3.5 %. Tous les cerfs infect& ont ótó eliminós dans une
zone de 14 miles carres; it est suppose que le bOtail de cette zone avait plus de chances d'être en contact avec
les cerfs infectês. Des modéles ont OM developpOs pour estimer le niveau de transmission de M.bovis dans la
population de cerfs et la vraisemblance de contamination du bete. Différents scenarios de gestion de la
population de cerfs ont ete simules afin d'estimer l'effet que pourrait avoir un tel changement sur la
vraisemblance du beta a contracter l'infection a partir des cerfs. Le risque de transmission estime est assez
faible. La vraisemblance annuelle actuelle est estimee a 0.1 %. Si aucune mesure n'est prise concemant la
gestion des populations de cells et du betail, la vraisemblance cumulative dans les 25 prochaines annees est
estim6e a 12 %. En simulant d'autres scenarios, la vraisemblance est plus faible, mais la prevalence de M.bovis
chez les cerfs sauvages diminue avec le temps uniquement pour les scenarios qui postulent une reduction de la
transmission d'au moins 50 %.
Cette reduction de la transmission d'au moins 50 %, afin d'eliminer M.bovis de la population de cerfs sauvages et
Oliminer le risque pour le befall, va demander des modifications dans les mesures de gestion. Les modifications
et les effets specifiques n'ont pas Éte prOsentes dans l'appróciation du risque.

INTRODUCTION
In 1994, a wild, hunter-killed, white-tailed deer (Odocoileus virginianus) from northern Michigan, U.S.A., was
diagnosed with Mycobacterium bovis (M. bovis or bovine TB). Several surveys of the deer population were
completed in 1995 and early 1996 to determine the prevalence of M. bovis, as well as the range occupied by
infected deer. Domestic animals in the area were also tested. Results of these surveys indicated that domestic
animals were not infected, and M. bovis infection was apparently being maintained in the wild deer population.
The finding of M. bovis, apparently maintained in a wild deer population, caused great concern. The domestic
cattle population in Michigan has been free of M. bovis infection since 1974, and the nation-wide plan to
eradicate M. bovis has continued to progress until there are very few remaining foci of infection. Individuals in
Michigan were concerned at the possibility that cattle might contract M. bovis from wild deer in this area.
Therefore, a quantitative risk assessment which would estimate the likelihood of that occurrence was requested.

METHODS
In order to estimate the risk to cattle at present and into the future, it was first necessary to model the disease in
the deer population. For this, two models were developed. The first was a deterministic model which estimated
the past transmission in the deer population. It was assumed that M. bovis had entered the deer population 40
years prior to discovery of the case in 1994. The model estimated the level of transmission that had occurred in
the population in order to result in the prevalence seen in the deer herd in the 1995-1996 surveys, which was
approximately 3.5 percent. The second deer model used that transmission coefficient in order to project the
prevalence level that could be expected in the deer population in the future (USDA, 1996).
A third model was developed to estimate the risk that domestic cattle might contract M. bovis from wild deer. The
transmission coefficient used in the deer model was adjusted to reflect the differences between intra- and inter-
species contact, and the new coefficient was used to estimate the annual likelihood that one or more cattle would
contract M. bovis from wild deer in the area, over the next 25 years.
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The cattle model assumed that there is a single focus of infection in deer. The area encompassing the positive
deer measured approximately 14 x 14 miles square, defined as the infected zone. A buffer zone was also
identified, which encompassed all land within 5 miles of the location where an infected deer was discovered, not
including the infected zone. It was assumed that infected deer may inhabit the buffer zone, but that was less
likely than their presence in the infected zone. The area outside the infected and buffer zones was assumed to
contain no infected deer. Cattle herds were assigned to the infected zone, the buffer zone, or outside those
zones, based on their location. All cattle were assumed to have contact with deer, because of the pasturing of
cattle which is common in the area. Because infected deer were assumed to spend most of their time in the
infected zone, it was assumed that cattle in the infected zone were more likely to have contact with infected deer
than cattle in the buffer zone, and therefore the likelihood of transmission from deer to cattle was assumed to be
highest in the infected zone. It was assumed that cattle outside of the infected and buffer zones had negligible
risk of contacting infected deer.
Different scenarios for management of the deer population were also simulated using the deer model. The
results of those simulations were used in the cattle model to determine the effect that such management
schemes would have on the likelihood of cattle contracting M. bovis from deer. Six scenarios were examined in
addition to continuation of the traditional management (scenario 1): scenarios 2,3 and 4 simulated a decrease in
transmission of 10 percent, 25 percent, and 50 percent respectively; scenario 5 modeled a decrease in adult
survivability of 10 percent annually until the population was decreased by 50 percent; and scenarios 6 and 7
combined the two, decreasing survivability by 10 percent annually and transmission by 25 percent and 50
percent respectively.
Multiple iterations of each scenario were run, using @RISK software. The annual likelihood of transmission to
one or more cattle was calculated at 5 years, 10 years, and 25 years in the future. The mean was obtained for
those three years, and mean values were interpolated for the intervening years to obtain a graphical
representation of the estimated annual mean likelihood of transmission of M. bovis to cattle over time.

RESULTS
Prevalence in wild deer continued to increase under all scenarios except those two that included reducing
transmission by 50 percent (scenarios 4 and 7). Reducing transmission by 25 percent slowed the increase in
prevalence seen if historical management was continued, but, even in conjunction with an annual 10 percent
decrease in survival, did not lead to decrease in overall prevalence of M. bovis in deer. Reducing adult survival
by 10 percent annually helped to reduce disease spread, but not greatly. Therefore, under most scenarios, M.
bovis was still present in the deer population 25 years into the future.
The risk to cattle from deer was estimated to be quite low. The current annual likelihood that one or more cattle
would contract TB from a wild deer was estimated to be 0.1 percent (Figure 1). That risk would continue to rise if
no changes were made in deer or cattle management, to an annual likelihood of 0.9 percent in 25 years. The
cumulative likelihood for the next 25 years under the historical management scenario was estimated to be 12
percent. Under other scenarios, the likelihood was lower, but the risk to cattle decreased over time only in the
scenarios where deer prevalence decreased over time (scenarios 4 and 7).

Figure 1
Annual mean likelihood that one or more cattle will contract bovine TB from wil white-tailed deer

over the next 25 years in the defined area of Michigan
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DISCUSSION
The cattle model estimated that the risk to cattle in the area is quite low. And, at the time the risk assessment
was completed, there were no definite cases of M. bovis identified in cattle in or from the affected area (infected
and buffer zones). However, in order to reduce the risk to cattle to a negligible level, the prevalence of M. bovis in
deer must be decreased. The models indicate that this can be accomplished only by a serious decrease in
transmission, of at least 50 percent. How that may be accomplished was not addressed in the model.
The risk of transmission of M. bovis from deer to cattle mirrors the risk of transmission between deer, because
the model did not consider the effects of changes in cattle management. That is, under scenarios where deer-to-
deer transmission is greater, greater numbers of deer are infected and the risk to cattle rises. Where deer-to-
deer transmission is decreased, the risk to cattle decreases. As long as there are any infected deer, the risk to
cattle remains, although it may be very small.
It was difficult to estimate the degree of inter-species transmission that might occur. There were no published
reports of transmission of M. bovis from a free-ranging deer population to domestic cattle that did not include
complicating interactions, such as the presence of infected brush-tailed possums in New Zealand. Therefore, an
estimate was made of the amount of deer-to-cattle contact that would be expected, compared to the amount of
deer-to-deer contact that would be expected. Based on those estimates, the probability of transmission from deer
to cattle was estimated. The predicted fairly low likelihood of transmission to cattle is primarily due to the low
level of social contact between the two species, and the difficulty in transmission of M. bovis through pasture
contamination. However, contamination of pastures or feeders might occur when deer and cattle share feeding
grounds, even if the different species are present at different times. Contamination of pasture by deer,
subsequently used by cattle, was assumed to be a difficult way to transmit M. bovis, based on the high doses of
bacteria needed for oral transmission. However, it is possible that M. bovis could be transmitted via contaminated
feeding areas, either by oral inoculation, or perhaps more likely, by inhalation of contaminated secretions.
If contaminated pastures, or other elements of cross-species exposure that were not considered, prove to be
important in the estimate of inter-species transmission, the omission of these factors from consideration will have
a profound effect on the likelihood of infection that was estimated. For example, if the estimate of cross-species
transmission is incorrect by one order of magnitude, the cumulative likelihood that one or more cattle will contract
TB from wild deer over the next 25 years, under the scenario assuming no changes to deer or cattle
management, rises to 60 percent.
While all cattle in the infected and buffer zones in Michigan were assumed to have direct contact with deer in the
simulations, it is acknowledged that some types of management may increase or diminish such contact. Cattle
kept close to buildings are less likely to have regular contact with deer than cattle pastured at a distance from
buildings. Domestic animals on pasture may be less likely to suffer from significant contamination of their feed
source than animals fed supplemental feed in an area that may be attractive to deer. The model did not consider
the effects of changing cattle management. Instead, it focussed on the deer population because only eradication
of the disease in deer could be expected to remove the risk from all cattle in this area. In addition, the deer
population is managed as a group by the Michigan Department of Natural Resources. Cattle herds are managed
individually, which makes management changes concerning the entire cattle population difficult to predict or
model. However, an individual farmer could reduce the chances that his or her cattle would contract M. bovis by
decreasing the level of contact between the two species. Changing feeding or pasturing practices, or judicious
use of hunting on the property may decrease the contact between species and therefore the risk to individual
cattle. Farmers are allowed to obtain special permits to shoot deer seen eating with cattle on their property.
The models used did not allow determination of which management changes in the deer population might effect
the changes described in the different scenarios (i.e., decreasing transmission by 50 percent); however, wildlife
managers in the area have already begun to make management changes where possible to attempt the
necessary decreases in transmission. Therefore, the estimates produced by scenario 1 are no longer
appropriate. Time will tell what effect the management changes will have on M. bovis in the deer population. It is
expected that the model will be modified as updated information becomes available.

NEW INFORMATION
Additional testing has been done in the deer population since the risk assessment was completed. Of particular
note is the change in distribution of M. bovis infected deer. Infected deer have been found outside the infected
zone. In most cases, the deer were found within one mile of the border of the infected zone, but several deer
were found farther outside the zone. This is not believed to represent spread of the disease outside of the
originally infected population, but rather to represent additional case finding. The area surveyed in 1996-97 was
larger than the area surveyed previously, and infected deer were found in areas that had not been previously
surveyed. Next year the survey will include additional territory not surveyed yet, and we will await the results. The
results from this year, however, indicate that additional domestic cattle are exposed to M. bovis infected wild
deer, which increases the likelihood above that reflected in the original risk assessment. No calculations have
been done to estimate that increased likelihood more precisely. The prevalence of infected deer diagnosed in the
survey during the 1996-97 hunting season appears to be similar to the prevalence seen in the surveys from 1995
and early 1996.

BIBLIOGRAPHY
USDA, APHIS, VS, Centers for Epidemiology and Animal Health, 1996. Assessing the risks associated with M.

bovis in Michigan free-ranging white-tailed deer. CADIA Technical Report No. 01-96.

06.15.3


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	8th ISVEE Paris, France Volume 1_0004.pdf
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318
	Page 319
	Page 320
	Page 321
	Page 322
	Page 323
	Page 324
	Page 325
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330
	Page 331
	Page 332
	Page 333
	Page 334
	Page 335
	Page 336
	Page 337
	Page 338
	Page 339
	Page 340
	Page 341
	Page 342
	Page 343
	Page 344
	Page 345
	Page 346
	Page 347
	Page 348
	Page 349
	Page 350
	Page 351
	Page 352
	Page 353
	Page 354
	Page 355
	Page 356
	Page 357
	Page 358
	Page 359
	Page 360
	Page 361
	Page 362
	Page 363
	Page 364
	Page 365
	Page 366
	Page 367
	Page 368
	Page 369
	Page 370
	Page 371
	Page 372
	Page 373
	Page 374
	Page 375
	Page 376
	Page 377
	Page 378
	Page 379
	Page 380
	Page 381
	Page 382
	Page 383
	Page 384
	Page 385
	Page 386
	Page 387
	Page 388
	Page 389
	Page 390
	Page 391
	Page 392
	Page 393
	Page 394
	Page 395
	Page 396
	Page 397
	Page 398
	Page 399
	Page 400
	Page 401
	Page 402
	Page 403
	Page 404
	Page 405
	Page 406
	Page 407
	Page 408
	Page 409
	Page 410
	Page 411
	Page 412
	Page 413
	Page 414
	Page 415
	Page 416
	Page 417
	Page 418
	Page 419
	Page 420
	Page 421
	Page 422
	Page 423
	Page 424
	Page 425
	Page 426
	Page 427
	Page 428




